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(54) Process for manufacturing a through insulated interconnection in a body of semiconductor 
material 



(57) The process for manufacturing a through Insu- 
lated interconnection is performed by forming, in a body 

(1) of semiconductor material, a trench (2) extending 
from the front (7) of the body (1) for a thickness portion 
thereof; filling the trench with dielectric material (6); thin- 
ning the body starting from the rear (5) until the trench 

(2) , so as to form an insulated region (3) surrounded by 



8 



dielectric material; and forming a conductive region (8, 
25, 28, 30b) extending inside said insulated region (3) 
between the front and the rear of the body and having 
a higher conductivity than the first body (1). The con- 
ductive region (8, 25, 28, 30b) includes a metal region 
(25, 28) extending in an opening (24) formed inside the 
insulated region (3) or of a heaviiy doped semiconductor 
region (30b), made prior to filling of the trench. 
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Description 

[0001] The present invention reiates to a process for 
manufacturing a through insulated interconnection in a 
body of semiconductor material. 5 
[0002] As is known, for manufacturing microsystems 
comprising elements obtained using different technolo- 
gies, such as Microelectromechanical systems (MEMS) 
and integrated circuits, there exists the need to electri- 
cally connect two opposite faces (front and rear) of sub- 10 
strates integrating electronic components or, generally, 
carrying passive elements and/or protection structures 
and/or connection structures to other substrates. 
[0003] EP-A-0 926 723 describes a process for form- 
ing front-rear through contacts in micro-integrated elec- 15 
tronic devices. According to this process, a metal con- 
tact region extends through a through opening in the 
chip. In detail, this process is basically made up of the 
following steps: 

20 

1. Formation of metal connection regions on the 
front of a wafer during formation of the contacts of 
the device; the metal connection regions are formed 
at the location where the connection with the rear 

of the wafer will be made; 25 

2. Etching of the rear of the wafer for partial removal 
of the substrate in the connection locations with for- 
mation of openings passing right through the wafer; 

30 

3. Deposition of an insulating layer on the bottom 
and on the walls of the through cavities; 

4. Removal of the insulating layer from the bottom 

of the cavity to obtain contact areas with the front 35 
of the wafer and with the metal connection regions; 

5. Deposition or growth from the rear of a metal lay- 
er, which coats the walls of the cavities, makes elec- 
trical contact with the metal connection regions, and 40 
has surface portions on the rear of the wafer; 

6. Formation on the rear of connection regions to- 
wards the outside in electrical contact with the sur- 
face portions. 45 

[0004] In the process described above, the biggest 
difficulties lie in insulating the through openings (depo- 
sition of oxides, nitrides or polymeric materials), in that 
they have a depth of several tens of microns and have so 
substantially vertical walls. 

[0005] EP-A-1 151 962 describes a structure for elec- 
trical connection between two bodies of semiconductor 
material obtained by digging trenches of a closed (an- 
nular) shape from the front of a first, heavily doped, wa- 55 
fer and filling the trenches with dielectric material. Next, 
the first wafer is thinned from the rear until the trenches 
are reached, so obtaining an insulated-silicon area (sil- 



icon plug), which connects the front and the rear of the 
wafer. Next, the first wafer is fixed to a second wafer 
housing integrated components. If MEMS are made in 
the first wafer, it can be used as protection for the MEMS 
and their connection to the second wafer. 
[0006] In the above structure, the need to dope the 
first wafer heavily to reduce resistance of the silicon 
plugs limits the applicability of this solution. In particular, 
in the first wafer, only some types of microsystems may 
be integrated, and normally the integration of active 
components is not possible. 

[0007] The aim of the present invention is therefore to 
provide a process that will enable a front-rear connec- 
tion of a wafer of semiconductor material in a simple way 
and without limiting the type of structures that can be 
integrated in the wafer. 

[0008] According to the present invention, there is 
thus provided a process for manufacturing a through in- 
sulated interconnection, as well as an integrated elec- 
tronic device, as defined in Claim 1 and Claim 18, re- 
spectively. 

[0009] For a better understanding of the present in- 
vention, a number of preferred embodiments will now 
be described, purely by way of non-limiting example, 
with reference to the attached drawings, in which: 

Figure 1 is a perspective cross-section of a wafer 
of semiconductor material during an initial fabrica- 
tion step; 

Figures 2 to 5 are cross-sections of the wafer of Fig- 
ure 1 , in subsequent fabrication steps; 
Figures 6 to 8 are cross-sections, at an enlarged 
scale, of a portion of the wafer of Figure 4, in sub- 
sequent fabrication steps; 

Figure 9 is a cross-section of a composite wafer ac- 
cording to a variant of Figure 8; 
Figure 1 0 is a perspective cross-section of a wafer 
of semiconductor material, in an initial fabrication 
step, according to a different embodiment of the in- 
vention; 

Figures 11 and 12 are cross-sections of the wafer 
of Figure 10, in subsequent fabrication steps; 
Figure 13 is a cross-section of a composite wafer 
integrating a fingerprint sensor, obtained using the 
technique illustrated in Figures 10 to 12; and 
Figure 14 illustrates a variant of Figure 9. 

[0010] With reference to Figure 1 , a first wafer 1 com- 
prising a substrate 4 of semiconductor material, typically 
monocrystalline silicon doped in a standard way, for ex- 
ample a P-type <100> substrate with a resistivity of 15 
SVcm, having a first surface 7 and a second surface 5, 
has undergone steps for making trenches, according to 
what is described in the above-mentioned patent appli- 
cation EP-A-1 151 962. In particular, the first wafer 1 
has been masked and etched to form deep trenches 2 
having a closed shape and surrounding cylindrical re- 
gions 3 of monocrystalline silicon. The trenches 2 may 
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have a depth of, for example, 50-1 00 urn. 
[0011] Next (see Figure 2), the trenches 2 are filled, 
either completely or partially, with insulating material 6, 
for example, silicon dioxide. For this purpose, a silicon 
dioxide layer is deposited or grown , and is then removed 5 
from the first surface 7 of the first wafer 1 to obtain the 
structure of Figure 2. 

[0012] In a known way (see Figure 3), using implan- 
tation, diffusion, deposition and growth steps, inside and 
on the first surface 7 of the substrate 4 conductive and/ 10 
or insulating regions are formed, such as to obtain elec- 
tronic components 9 (schematically represented in Fig- 
ure 3) according to the circuit that is to be obtained. 
[0013] In addition, the surface area of the cylindrical 
regions 3 is doped, so as to reduce the resistivity, thus 15 
forming contact regions 8. The contact regions 8 are 
preferably made simultaneously with diffused areas in 
the substrate 4. 

[0014] Next, on top of the first surface 7, insulating 
layers 10 and metal connection regions 11 are deposit- 20 
ed. In the illustrated example, a connection region 11 
electrically connects, via contacts 1 2, 1 3, the contact re- 
gion 8 to a top surface 14 of the wafer. 
[001 5] Next (see Figure 4), the first wafer 1 is bonded 
to a second wafer 1 5 comprising at least one substrate 25 
16. The substrate 1 6 houses conductive and/or insulat- 
ing regions, which form electronic components 20 (also 
represented schematically). The substrate 16 may be 
coated with an insulation and/or passivation layer (not 
illustrated) housing metal contact regions. 30 
[0016] The bonding technique may be direct, by 
means of palladium/silicon bonds; alternatively, as illus- 
trated in Figure 4, bonding regions 1 8 are provided of a 
suitable material, for example, gold, to form a gold/sili- 
con eutectic, as described in the above-mentioned pat- 35 
ent application EP-A-1 151 962, or else a low-melting 
alloy may be used, such as gold/tin. In this way, the com- 
posite wafer 21 is obtained formed by the first wafer 1 
and the second wafer 15. 

[001 7] Next (see Figure 5), the first wafer 1 is thinned 40 
from the rear mechanically, for example, by grinding, un- 
til the bottom of the trenches 2 are reached, preferably 
until a thickness of less than 1 00 u.m is obtained, for ex- 
ample 50 ujti up to 30 |im. The first wafer 1 thus has a 
second surface 22 opposite to the first surface 7 of the 45 
substrate 4, and the cylindrical regions 3 are now insu- 
lated from the rest of the substrate 4. 
[0018] The second surface 22 is then coated with a 
dielectric layer 23, which is preferably deposited, for in- 
sulation of the rear (see Figure 6). . so 
[0019] Using a mask (not shown), the substrate 4 of 
the first wafer is dug to form openings 24 extending in- 
side the cylindrical regions 3, as illustrated in the en- 
larged detail of Figure 6. Preferably, the openings 24 
reach the contact regions 8. If these latter regions are 55 
not present, the openings 24 may extend until they touch 
the first surface 7 of the substrate 4. 
[0020] Next (see Figure 7), a seed layer 25 is depos- 
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ited on the rear of the first wafer 1 , with the aim of favor- 
ing the subsequent galvanic growth of metal contact re- 
gions. For instance, the seed layer 25 can be obtained 
by dipping the composite wafer 21 in a bath of palladium, 
so as to get the palladium to precipitate on top of the 
dielectric layer 23 and on the walls and on the bottom 
of the openings 24, and then by depositing gold by re- 
duction (Wet Pd + Au electroless process), or else by 
low-pressure chemical vapor deposition (LPCVD) of 
tungsten, or else by phase vapor deposition (PVD) of 
titanium (Ti sputtering technique). 
[0021] Next, a dry resist layer (not illustrated) is de- 
posited and shaped, to delimit the areas of the rear of 
the composite wafer 21 where the galvanic growth is to 
be obtained, and through contact regions 28 are galvan- 
ically grown. For instance, the through contact regions 
28 may be made of copper or gilded nickel (Ni/Au). In 
particular (see Figure 8), the through contact regions 28 
grow inside the openings 24, which can be filled com- 
pletely or not. 

[0022] Next, the dry resist layer is removed, and the 
seed layer 25 is removed, where it is not covered by the 
through contact regions 28. In this way, the structure il- 
lustrated in Figure 8 is obtained, which shows a through 
contact region 28 that enables connection of the rear of 
the first wafer 1 to the front of the same first wafer and 
with the second wafer 15, througha contact region 8, a 
metal connection region 11 and contacts 12, 13. 
[0023] The process may continue with the formation 
of bumps on the rear in direct electrical contact with the 
through contact regions 28. The bumps, for example of 
gold/tin, may be deposited in a known way using special 
(electroplating) machines. 

[0024] The formation of a through-contact structure 
comprising an insulating region obtained by filling a 
trench with dielectric material and a metal conductive 
region inside the insulating region guarantees an excel- 
lent insulation (greater than 1000 V) of the conductive 
region with respect to the rest of the substrate, as well 
as high reliability. 

[0025] Should it be necessary to have a greater re- 
sistance to high voltages or should there be necessary 
a capacitive decoupling between the through conduc- 
tive region and the rest of the substrate, It is possible to 
provide multiple insulation structures, as illustrated in 
Figure 9, wherein a second trench 2a, also filled with 
dielectric material 6a, is present outside the trench 2 and 
concentrically thereto. The structure of Figure 9 may be 
obtained adopting the same procedure described 
above, with the only caution of providing two concentric 
trenches 2 and 2a simultaneously and filling both of 
them with dielectric material. 

[0026] The illustrated structure presents extremely 
low resistance thanks to the use of metal and to the 
shortness of the connection between the front and the 
rear of the first wafer 1 . 

[0027] The present invention allows working the wafer 
from the rear, for example to form integrated compo- 
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nents, in which the second wafer 1 5 (which has a normal 
thickness of, for example, 675 u,m for a diameter of 1 50 
mm) may in turn contain integrated components or just 
have a function of mechanical support during handling 
of the first wafer. 5 
[0028] The operations on the rear may all be carried 
out at low temperature (except, possibly, for the depo- 
sition of dielectric material using the plasma-enhanced 
chemical vapor deposition (PECVD) technique), and 
consequently do not interfere with any components that 10 
may have been made on the front of the first wafer 1 or 
in the second wafer 15. 

[0029] The presence of the contact region 8 enables 
complete digging of the first wafer 1 to be avoided, and 
hence simplifies the digging operations and reduces the *5 
brittleness of the first wafer 1 itself. 
[0030] Should it be necessary to have a through-con- 
tact structure with very low resistivity, such as the one 
described previously, it is possible to provide, inside the 
insulating region 3, doped silicon connections, accord- 20 
ing to the embodiment described hereinafter. 
[0031] In detail, initially, the first wafer 1 undergoes a 
trench etch, in a way similar to the above. Also in this 
case, the first wafer 1 comprises a standard substrate 
4, of any thickness and any resistivity, so as to be able 25 
to integrate standard electronic components. Conse- 
quently, at the end of the etching process, the first wafer 
1 has trenches 2 surrounding cylindrical regions 3, as 
illustrated in Figure 1 . 

[0032] Next, as shown in Figure 10, maintaining the 30 
masking layer used for the trench etch, the wafer is 
doped in an oven. Given the protection of the first sur- 
face 7 of the substrate 4 through a protective layer 16 
(for example, a silicon dioxide layer), the dopant species 
diffuse only inside the trenches 2, as indicated by the 35 
arrows in Figure 10. Consequently, on the outer walls 
and on the inner walls of the trenches 2, outer annular 
portions 30a and inner annular portions 30b are formed 
connected, underneath the trenches 2, by bottom por- 
tions 30c. The cylindrical regions 3 now comprise each *o 
a central region 3', doped in a standard way, and an in- 
ner annular portion 30b. 

[0033] Next (see Figure 1 1 ), the trenches 2 are filled 
with insulating material 6, in a manner similar to the 
above, and the structure is planarized. 45 
[0034] Then the electronic components, the insulation 
layers 10 on the front of the wafer, the contacts 12, 13, 
and the metallizations 11 are made, and the first wafer 
1 is bonded to the second wafer 15. Here, each contact 
12 is an electrical contact with at least the respective 50 
inner portion 30b (in this case it may have an annular 
shape) or with the entire area of the cylindrical region 3 
(including both the inner portion 30b and the central re- 
gion 3'). 

[0035] Next (see Figure 12), the first wafer 1 is thinned 55 
from the rear, until at least the trenches 2 are reached. 
In this way, the bottom portions 30c are removed, and 
the outer portion 30a and innerportion 30b are no longer 



electrically connected together. In practice, each central 
region 3' is now surrounded by a conductive region or 
via 30b, formed by a respective inner annular portion 
30b and insulated from the rest of the first wafer 1 by 
the insulating material 6. 

[0036] Next, the first wafer undergoes further fabrica- 
tion steps, which include the possible formation of com- 
ponents on the rear, and the formation of contacts and/ 
or bumps on the rear. 

[0037] According to the above solution, by making 
trenches having an internal diameter of 10 urn, with a 
final thickness of the first wafer 1 , after thinning-out, of 
100 p.m, the vias 30b have a resistance R of: 

where R D is the layer resistance of the conductive re- 
gions 30b, obtained thanks to doping. For instance, by 
dopingthesubstrate4with POCI 3 ,it is possible to obtain 
layer resistances of less than 1 QJC\ and hence resist- 
ances R in the region of 1 to 2 n. By increasing the ra- 
dius of the cylindrical regions 3 to a few tens of microns 
and by reducing the thickness of the first wafer 1 after 
thinning, to 50 jim, vias 30b with a resistance of down 
to 100 mQ. are obtained. 

[0038] The embodiment illustrated in Figures 10 and 
1 1 may be used for forming a sensor for fingerprints di- 
rectly on the rear of the wafer, which houses the control 
circuitry and processing of the signals, as shown in Fig- 
ure 13. 

[0039] The device illustrated in Figure 13 comprises 
a first wafer 1 , which integrates the components and the 
electrodes necessary for operation of the sensor, and a 
second wafer 15, which has purely a supporting func- 
tion, in order to enable handling of the first wafer 1 . On 
the rear of the first wafer 1 , the electrodes are formed. 
In particular, the reference number 40 designates sens- 
ing electrodes for capacitive detection of fingerprints, 
and the reference number 42 designates electrodes for 
biasing of the skin. The sensing electrodes 40 are insu- 
lated from the environment by a passivation layer 41 , 
while the biasing electrodes 42 are not covered, so as 
to enable application of the necessary biasing voltages 
to the skin. The sensing electrodes 40 and the biasing 
electrodes 42 are connected to the front of the first wafer 
1 through the vias 30b, which are made in the way de- 
scribed with reference to Figures 10 to 12. The contacts 
44 formed on the front connect the vias 30b to the inte- 
grated components designated as a whole by 43. The 
integrated components 43 are made on the front of the 
first wafer 1 and comprise diffused regions 45. 
[0040] The front of the first wafer 1 is covered by an 
insulation and protection region 46, on top of which there 
is formed an adhesive region 47 and contact pads 48. 
[0041] The second wafer 15 is bonded to the first wa- 
fer 1 at the adhesive region 47, and has cavities 50 fac- 
ing the first wafer 1 at the contact pads 48. The cavities 
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50 are formed prior to bonding of the wafers 1, 15 on 
the front of the second wafer 1 5. 
[0042] Figure 13 also shows scribing lines 55, along 
which, using a diamond blade, the wafer is cut to obtain 
a plurality of sensors. The portions of the second wafer 
15 on top of the cavities 50 are further removed at the 
lines 56, for example, by reactive ion etching (RIE) to 
form a trench etch, so as to enable access to the contact 
pads 48. 

[0043] In practice, the through contact structure ac- 
cording to Figures 10 to 13 comprises, in a way similar 
to the solution illustrated in Figures 1 to 9, an insulating 
region 6, obtained by filling a trench with dielectric ma- 
terial, and a conductive region 30b, formed inside the 
insulating region. In this case, unlike the first solution, 
the conductive region is formed by a via made of heavily 
doped semiconductor material. Also in this case, an ex- 
cellent insulation of the via from the rest of the substrate, 
as well as high reliability, is obtained, and in the case 
where an even higher breakdown voltage is required, it 
is possible to make a double insulation of the type illus- 
trated in Figure 9. For this purpose, using an additional 
mask, two mutually concentric trenches 2, 2a are made, 
and doping is performed in the oven only of the more 
internal trench (Figure 1 4). 

[0044] Finally, numerous modifications and variations 
may be made to the process and device described and 
illustrated herein, all falling within the scope of the in- 
vention, as defined in the attached claims. For instance, 
it is possible to repeat the described steps, bonding the 
composite wafer 21 to a third wafer, in which the trench- 
es have already been formed and filled and in which the 
electronic components and the corresponding connec- 
tions have already been made, then thinning the third 
wafer and making the through conductive regions be- 
fore or after bonding and thinning. By repeating the 
above operations even a number of times, it is possible 
to make a stack of wafers piled on top of one another 
and connected together by conductive regions that are 
insulated from the rest of the respective wafer and have 
a much lower conductivity than that of the respective wa- 
fer. 



Claims 



1. 



A process for fabrication of a through insulated in- 
terconnection, comprising the steps of: 

in a first body (1) of semiconductor material 
having a thickness, a first and a second surface 
(7, 5), forming a first trench (2) extending from 
said first surface (7) of said first body (1) for a 
portion of said thickness; 
filling said first trench with dielectric material 
(6); and 

thinning said first body starting from said sec- 
ond surface (5) until said first trench (2), so as 



to form a thinned body, having a third surface 
(22) and housing an insulated region (3) sur- 
rounded by said dielectric material; 

characterized by the step of forming a conductive 
region (8, 25, 28, 30b) extending inside said insu- 
lated region (3) between said first surface (7) and 
said third surface (22) and having conductivity high- 
er than said body (1). 

2. The process according to Claim 1 , wherein said 
step of forming a first trench (2) comprises etching 
said body (1) along a closed line. 



'5 3. The process according to Claim 1 or Claim 2, 
wherein said body (1) has a resistivity of between 1 
QJcn) and 100 Q/cm. 
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4. The process according to any one of Claims 1 to 3, 
comprising, prior to said step of thinning, the step 
of forming, in said body (1), integrated electronic 
components (9) facing one another and/or on top of 
said first surface (7). 



25 5. The process according to any one of Claims 1 to 4, 
further comprising the step of forming at least one 
further trench (2a) surrounding said first trench (2) 
and filling said further trench (2a) with insulating 
material (6). 



30 



35 



40 



6. The process according to Claim 5, wherein said 
steps of forming a first trench (2) and a further 
trench (2a) are performed simultaneously and said 
steps of filling said first trench (2) and said further 
trench (2a) are performed simultaneously. 

7. The process according to any one of Claims 1 to 6, 
further comprising the step of bonding a supporting 
body (15) on said first surface (7) of said first body 
(1 ) prior to said step of thinning. 

8. The process according to Claim 7, further compris- 
ing the steps, prior to said bonding step, of forming 
integrated electronic components in said support- 
ing body (15) and forming interconnection and 
bonding regions (18) on top of said first surface (7) 
and/or on top of a surface of said supporting body 
(15) facing said first surface. 



so 9. The process according to any one of Claims 1 to 8, 
wherein said step of forming a conductive region (8, 
25, 28; 30b) comprises forming a contact region 
(25, 28) of metal material. 



45 



55 



10. The process according to Claim 9, wherein said 
step of forming a contact region (25, 28) comprises 
forming an opening (24) in said insulated region (3), 
starting from said third surface (22) up to the prox- 
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imity of said first surface (7), and forming said con- 
tact region inside said opening. 

11. The process according to Claim 10, wherein said 
step of forming a contact region (25, 28) comprises 5 
forming a seed layer (25) covering said third surface 
(22) and side walls and a bottom wall of said open- 
ing (24); and selectively growing a metal layer (28) 

on top of said seed layer. 

w 

12. The process according to Claim 10 or 11, wherein, 
before said step of thinning, the step is performed 
of doping (8) a surface portion of said first body (1) 
inside said insulated region (3), and wherein said 
step of forming an opening (24) comprises digging 15 
said thinned body (1), starting from said third sur- 
face (22) until said surface portion (8) is reached. 

13. The process according to Claim 12, wherein said 
step of doping is performed simultaneously with a 20 
step of forming electronic components (9) in said 
first body (1). 

14. The process according to any one of Claims 1 to 8, 
wherein said step of forming a conductive region (8, 25 
25, 28; 30b) comprises forming a contact region 
(30b) of semiconductor material having a higher 
doping level than said first body (1). 

15. The process according to Claim 14, wherein said 30 
step of forming a contact region (30b) is performed 
prior to said step of thinning said first body (1). 

16. The process according to Claim 14, wherein said 
step of forming a contact region (30b) is performed 35 
prior to said step of filling (6) and comprises doping 
said first body (1) in the proximity of side walls of 
said first trench (2) to form a via (30b) of semicon- 
ductor material contiguous to said trench. 

40 

17. The process according to Claim 16, wherein said 
step of doping is carried out in an oven. 

18. An integrated electronic device, comprising: 

45 

a first body (1 ) of semiconductor material hav- 
ing a first face (7) and a second face (5); 
a first trench (2) extending through said first 
body between said first and said second faces; 
and so 
a dielectric material (6) filling said first trench 
(2), said dielectric material electrically insulat- 
ing an insulated region (3) from the rest of said 
first body (1); 

55 

characterized by a conductive region (8, 25, 28; 
30b) having a higher conductivity than said first 
body and extending inside said insulated region (3) 



between said first face (7) and said second face (5). 

19. The device according to Claim 18, wherein said first 
body (1) has a resistivity of between 1 QJcm and 
100 Q/cm. 

20. The device according to Claim 12, further compris- 
ing at least one further trench (2a) surrounding said 
first trench (2) and filled with insulating material (6). 

21 . The device according to any one of Claims 1 8 to 20, 
comprising a second body (15) bonded to said first 
face (7) of said first body (1). 

22. The device according to any one of Claims 1 8 to 21 , 
wherein said first body (1) houses integrated elec- 
tronic components (9) facing one another and/or ex- 
tending above said first face (7). 

23. The device according to any one of Claims 1 8 to 22, 
wherein said conductive region (8, 25, 28; 30b) 
comprises a contact region (25, 28) of metal mate- 
rial, 

24. The device according to Claim 22, further compris- 
ing a semiconductor region (8) extending inside 
said insulated region (3) and facing said first face 
(7), said semiconductor region having a higher dop- 
ing level than said first body (1 ) and being in direct 
electrical contact with said contact region (25, 28) 
of metal material and with electrical-connection re- 
gions (11-13) formed on top of first face. 

25. The device according to any one of Claims 1 8 to 22, 
wherein said conductive region (8, 25, 28; 30b) 
comprises a contact region (30b) of semiconductor 
material having a higher doping level than said first 
body (1). 

26. The device according to Claim 25, wherein said 
conductive region comprises a via (30b) contiguous 
to said insulating material (6). 
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